Research in animals shows that the levels of neuropathic pain expression is genetically associated with a characteristic response profile to sensory stimuli. The aim of the present investigation was to examine if pressure algometry can identify a specific pain sensitivity profile in patients with complex regional pain syndrome, Type I (reflex sympathetic dystrophy), and to distinguish complex regional pain syndromes from other chronic pain dysfunction syndromes. Pressure pain threshold and pain tolerance measured at the sternum in 17 patients with complex regional pain syndrome, Type I (reflex sympathetic dystrophy), were compared with values obtained in 13 patients suffering from other chronic pain dysfunction syndromes and in a control group of 24 pain-free volunteers.
METHODS

Subjects
The protocol was approved by the Hospital Ethics Committee. All patients gave their consent after full explanation of the study. The pain-free (PF) control subjects (PF) were healthy volunteers, mainly members of the medical and paramedical staff at our institution. The pain patients were recruited from November 1994 to October 1995 from the Reflex Sympathetic Dystrophy (RSD) outpatient clinic of the Department of Physical Medicine and Rehabilitation, Hadassah University Hospital. These patients were evaluated by a single examiner who later, after algometry testing but blinded as to its results, classified them as suffering from CRPS, Type I (Table 1), or other  chronic dysfunction pain syndrome (CP; Table 2 ), according to the following CRPS diagnostic criteria of the International Association for the Study of Pain: 1 = continuing pain, allodynia, or hyperalgesia; 2 = evidence at some time of edema, changes in skin blood flow, or abnormal sudomotor activity in the region of the pain; 3 = the diagnosis is excluded by the existence of conditions that would otherwise account for the degree of pain and dysfunction. Furthermore, CRPS, Type I (RSD), differs from CRPS, Type II (causalgia), by the absence of a nerve injury.5 http://ovidsp.tx.ovid.com.proxy2.library.illinois.edu/sp-3.5.1a/ovi...
TABLE 2 Other chronic dysfunction pain syndrome patients
Pressure algometry was applied to the three experimental groups: a control group of pain-free subjects (PF) and two groups of patients with pain. There were 24 pain-free subjects (10 women: age range, 20-62 (mean ± standard deviation (SD), 36.9 ± 12.7) yr; 14 men: age range, 27-60 (mean ± SD, 40 ± 11.2) yr).
The patients with pain in a limb were divided into two groups: patients with CRPS (n = 17; 6 women: age range, 36-70 (mean, 56.7 ± 14.5) yr; 11 men: age range, 19-65 (mean, 37.3 ± 14.5) yr; Table 1 ) and CP sufferers (n = 13; 6 women: age range, 19-86 (mean, 46.2 ± 26.6); 7 men: age range, 19-65 (mean, 40 ± 17.8) yr; Table 2 ).
Five patients with CRPS (29.5%) and four patients in the CP group (30.8%) experienced pain in an upper limb but not in the sternum area. The mean duration of pain was (mean ± SD) 21.1 ± 39.2 and 37.7 ± 45.4 mo for patients with CRPS and CP, respectively (Tables 1 and 2) .
Pressure Algometry
All patients in the study received identical instructions regarding the signaling of pain during pressure algometry testing. Onset of perception of pain was defined as the pressure pain threshold (PPThr) and the sensation of pain becoming unacceptable as pressure pain tolerance (PPTol).
Testing was performed while the subjects were in the supine position. Pressure algometry was applied to the manubrium of the sternum, because this site is devoid of overlying muscles. This area is covered only by skin and a scant layer of fat, thus enabling a combined measurement of superficial and deep bone periosteum pain. Each examination consisted of two successive tests at two adjacent points. The first trial was used to familiarize the subject with the procedure, and the values of the second experiment were used for determination of the parameters. All tests were performed by the same examiner who was blinded as to the diagnosis.
The pressure algometer used in the present study was described previously.6, 7 In brief, the algometer consists of a modified force-displacement transducer (Model FT 10; Grass Medical Instruments, Quincy, MA) with a round 0.25 cm 2 pressure Teflon tip connected to a carrier amplifier (Model 8805; Hewlett-Packard, Rockville, MD) and was linked to a recorder. The increase in applied force was 1 kg/0.25 cm 2 /s. The subject was trained to activate an event marker on the record by means of a hand-held push button to signal onset of pain (PPThr) and again when pain becomes unacceptable (PPTol). This eliminated the verbal subject-examiner delay and minimized errors of measurement. The calculated difference between PPThr and PPTol provided the pain sensitivity range (PR).
Study Design
To identify a specific pain sensitivity profile in patients with CRPS and to evaluate the usefulness of pressure algometry in diagnosing CRPS, we assessed experimental pressure pain sensitivity in the three groups of patients: in patients with CRPS, in patients suffering from other chronic dysfunction pain syndromes, and in pain-free subjects. Evaluation and classification of the patients with pain were made by the same examiner who was blinded as to the results of the algometry testing, which was performed by a different examiner who was blinded as to the diagnosis. In all patients, we measured pain threshold and pain tolerance at the sternum, away from the painful area. We compared the values obtained and the calculated pain sensitivity range in the three groups and with respect to the age and the gender of the patients.
Statistical Analysis
An analysis of variance was performed for identification of the main effects and interactions for each of the measured outcomes. The P values provided by analysis of variance rely on the assumption that the error variance is constant for all subgroups. Violation of this assumption may lead to invalid P values if no corrective measures are taken. The Levene's test, which was used to examine the variance homogeneity, rejected the null hypothesis of equal variances for all outcomes. This problem is often solved by transforming the original values using the power
[lambda] ), where [gamma] is the measured outcome (-0.2 for PPThr, 0.5 for PPTol, and -0.3 for PR).
We used the analysis of variance, performed for the transformed values, to examine the effects of group, age (for 2 subgroups: 40 yr old or younger and older than 40), and gender and their interactions on outcome variation. When the analysis of variance indicated that an effect was significant (P < 0.05) and when the corresponding factor divided the data into three or more subgroups, pairwise tests were performed to detect the subgroups that account for the overall difference.
Duncan's multiple range test was used to simultaneously control for the overall significance level of all tests. Experimentwise error rates are more stringent than single-comparison error rates of the same level, because they control for the error level of several tests simultaneously. Hence, we used a significance level of P = 0.1, which is higher than the common single comparison standard (P = 0.05).
RESULTS
Our main findings are that pressure pain algometry can identify a specific pain sensitivity profile in young patients with CRPS, but it does not distinguish, in individuals, CRPS from other chronic pain dysfunction syndromes. A significant (P = 0.003) interaction effect of group with age was found for PR. Young patients (<=40 yr) with CRPS had a significantly larger mean PR than young PF or young CP patients.
Mean PPThr and PPTol were significantly lower in both pain groups than in the PF subjects (Table 3 and Fig. 1) . Differences between the CRPS and CP groups were more pronounced for PPTol. However, the distinction between the CRPS and CP groups was not conclusive. The group effect was found to be significant for PPThr and PPTol (P = 0.0002 and 0.0001, respectively) but not for PR (P = 0.7).
Ovid: EXPERIMENTAL PRESSURE PAIN IN PATIENTS WITH COMPLE... http://ovidsp.tx.ovid.com.proxy2.library.illinois.edu/sp-3.5.1a/ovi... Regardless of group, women exhibited lower PPTol than men (P = 0.004). A significant interaction effect of group and gender was noted for PPThr (P = 0.03). Women in the CP group exhibited a significantly lower mean PPThr than all other subgroups (Table 4) . 
DISCUSSION
This study shows a specific pain sensitivity profile in young patients with CRPS. We found that the mean range of pain sensitivity (PR) in the CRPS patients had a different pattern than the one observed in the other groups. Young patients with CRPS had a significantly larger mean PR than older subjects with CRPS, whereas in the PF, healthy group, the mean PR was larger in older patients. Patients in the CP group exhibited no significant difference in PR by age.
No significance was found for the effect of age on the different parameters when all groups are pooled. This lack of age-related changes in pain perception is consistent with the findings of other authors who assessed experimentally induced pressure pain.8 However, other studies using a variety of experimental pain stimuli have shown mixed results.9
The age-related change in pain perception in the PF, healthy group, is a higher, although insignificant, PPTol in older patients. Pain tolerance is known to be more influenced by the personality of the subject, cultural background, and degree of motivation and cooperation.10 Therefore, the recruitment of volunteers, mainly members of the medical and paramedical staff at our institution, most of whom are known by the authors, may have introduced a bias in our study, especially at the PPTol level. The apparent difference in pain behavior of the younger pain-free subjects may also be the effect of another statistical bias introduced by the relative lack of patients with an advanced age in this group.
A specific pain sensitivity profile was noted in patients with CRPS. In comparison with the PF subjects, patients with CP or CRPS demonstrated a higher sensitivity to pain and a lowered tolerance to pain pressure stimuli. However, the PR was larger in the patients with CRPS. Such a relatively increased PR may be the result of a decreased PPThr, increased PPTol, or both together. It may also be the consequence, as in CRPS patients, of an asymmetrical decrease of the two parameters. This effect was found to be statistically significant only in young CRPS patients, an age-related difference that was not observed in the CP subjects.
Such effect of age on behavioral signs of neuropathic pain was observed in rats. Old rats failed to develop allodynia after sciatic nerve ligation.11 After tight ligation of the L-5 and L-6 segmental spinal nerves, young rats displayed much more vigorous behavioral signs of mechanical allodynia and ongoing pain than did either mature or old rats.12
Higher tolerance to pain, a parameter more influenced by psychological factors, was the main contribution to the higher PR observed in young patients with CRPS. Therefore, it may be suggested that some psychological feature or dysfunction may underlie this behavior. However, all controlled studies failed to detect evidence of a unique psychological dysfunction or feature in patients with RSD.13 Hence, this higher tolerance to pain may be the expression of a real physiological difference, although motivational differences during testing cannot be excluded.
Another difference between CRPS and CP groups was the effect of gender on PPThr. Although reports agree that women seem to have a higher sensitivity to pain than men,14 as in the CP group, no difference was found between gender groups in the patients with CRPS. Although there is no controlled demographic data on patients with CRPS, Type I, a significant female prevalence was reported,4 in contrast to that found in our study. The recruitment of the patients from a specific outpatient clinic and the small size of our sample with a larger number of men may explain this difference. Hence, our sample cannot be considered as representative of this population.
Some ethnic prevalence for CRPS has also been suggested.4 A familial tendency was described in three families with two or more members affected by RSD 15, and the major histocompatibility complex antigen, human lymphocyte antigen-DR2-15, has been found more frequently in female patients with RSD, with a poor treatment outcome. 4 Research in animal models provided evidence that the degree of neuropathic pain expression is genetically determined.2 Moreover, this trait is genetically associated with a characteristic response profile to sensory stimuli.3 Thus, even before nerve damage, the degree of neuropathic pain that a nerve injury would cause an animal can be predicted. By bearing in mind the correlation between genetically determined neuropathic pain expression and sensitivity profile to experimental stimuli, a possible connection between the large pressure pain sensitivity range in a young patient with CRPS and a specific genetic profile may be considered.
This study also shows that measurements of pressure pain sensitivity over the sternum is not sufficient to distinguish, in individuals, CRPS, Type I, from other chronic pain dysfunction syndromes. We found that patients suffering from either chronic pain dysfunction syndromes or complex regional pain syndrome demonstrated a higher sensitivity to pain and a lowered tolerance to pain pressure stimuli. However, the distinction between the CRPS and CP groups was not conclusive. This increased pain sensitivity, at a location away from the painful area, was also found in patients with tension headache,16 local chronic pain syndromes,17 fibromyalgia,17, 18 trigeminal neuralgia,19 and in symptomatic angina pectoris.20
Peripheral and mainly central mechanisms are involved in this modulation of experimental pain perception in chronic pain patients.21 Such increased pain sensitivity may be the expression of central sensitization of the nervous system, a mechanism that results from reduced antinociception 22 or amplification of nociceptive inputs,23 or both. An alternative psychological view suggests that social reinforcement in patients with persistent pain promotes the development of hypervigilance for somatic distress signals. 24 The results of this study demonstrate large intersubject variation (Fig. 1) . Scattering of the individual pain response values, arising from both differing somatic sensory dimensions of the subject and the subject's reaction component,25 is consistent with the observations of other investigators.26, 27 This intersubject variation prevents the use of pressure algometry over the sternum to distinguish CRPS, Type I, from other chronic pain dysfunction syndromes.
It may be argued that the values recorded during a single test are not representative of the pain sensitivity of the subject. The unexpectedness of the discomfort elicited during a first examination has been mentioned as a possible cause for lowering the pain threshold and, therefore, explains in part the important intrasubject variations for repeated pressure algometry measurements that have been reported by some investigators.26, 28 However, the intrasubject reliability of pressure algometry was reported in a previous article 6 as well as by others authors using the same apparatus over the sternum.26, 29
CONCLUSION
This study shows a specific pain sensitivity profile in young patients with CRPS expressed by a larger range of sensitivity to pain pressure, at a location away from the painful area. In addition, we found that pressure algometry does not permit distinguishing, in individuals, CRPS, Type I, from other chronic pain dysfunction syndromes. We suggest considering a possible connection between the presence of a large range of sensitivity to experimental pressure pain in patients with CRPS and a specific genetic profile.
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